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and, preferably, to inhibit microbe growth in an anatom-
ical region surrounding the catheter.
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Description

Related Applications

[0001] This application is a continuation-in-part of
pending U.S. Patent Application Nos. 10/436,457 and
10/435,946, both filed May 12, 2003, which are continu-
ations-in-part of U.S. Patent Application No. 10/031,913,
filed May 21, 2002, which is a U.S. National Phase of
International Patent Application No. PCT/US00/19746,
filed July 19, 2000 and published in English, which is a
continuation-in-part U.S. Patent Application No.
09/363,228, filed July 19, 1999, now U.S. Patent No.
6,350,253, the entireties of which are hereby incorporat-
ed by reference herein and made a part of the present
disclosure.

Background of the Invention

Field of the Invention

[0002] This invention generally relates to catheters
and, in particular, to a catheter that exhibits anti-microbial
properties and delivers fluid medication uniformly across
an infusion section of the catheter.

Description of the Related Art

[0003] Infusion catheters for delivery of fluid medica-
tion into anatomical systems, such as the human body,
are well known in the art. Such catheters generally in-
clude a flexible hollow tube inserted into some region of
the anatomy. The tube typically contains one or more
axial lumens within which the fluid may flow. The proximal
end of the catheter tube is connected to a fluid source
from which fluid is introduced into the catheter tube. The
fluid flows within one of the lumens under pressure sup-
plied at the proximal end of the tube. For each lumen,
there are commonly provided one or more exit holes
along an infusion section near the distal end of the tube,
for fluid to exit the tube. Such exit holes are created by
piercing the side wall of the hollow tube.

[0004] Incertainmedical conditions,itis advantageous
to deliver fluid medication to a plurality of sites within a
wound area. For instance, some wounds which require
pain medication may be in communication with many
nerve endings, rather than a single nerve trunk. One ex-
ample of such a wound is a surgical incision. As stated
above, it is known to provide a plurality of exit holes
through which the fluid medication exits the catheter tube.
The exit holes may be provided at various axial and cir-
cumferential positions along the catheter tube in order to
control the position of the medication delivery sites. An
example of a catheter having this configuration is dis-
closed in U.S. Patent No. 5,800,407 to Eldor. Also, in
some cases it is desirable to deliver such medication un-
der low pressure, so that the fluid is delivered at a rela-
tively low rate. For example, some pain medications must
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be delivered slowly to avoid toxicity and other side effects.
Furthermore, in many cases it is desirable to dispense
fluid medication at a substantially uniform rate throughout
the infusion section of the catheter, so that the medication
is evenly distributed throughout the wound area.

[0005] Unfortunately, a limitation of prior art catheters
with multiple exit holes, such as the catheter taught by
Eldor, is that during low pressure delivery of fluid medi-
cation the fluid tends to exit only through the exit hole(s)
nearest to the proximal end of the infusion section of the
catheter tube. This is because fluids flowing through a
tube more readily exit through the exit holes offering the
least flow resistance. The longer the flow path followed
by the fluid in the lumen, the higher the flow resistance
and pressure drop experienced by the fluid. The most
proximal holes offer the least flow resistance and pres-
sure drop. Therefore, the fluid tends to exit the catheter
tube primarily through these exit holes. As a result, the
fluid medication is delivered only to a small region within
the wound area. The tendency of the fluid to undesirably
flow only through the most proximal exit holes depends
upon the hole size, the total number of exit holes, and
the flow rate. As the hole size or number of holes increas-
es, the fluid becomes more likely to exit only through the
most proximal holes. Conversely, as the flow rate in-
creases, the fluid becomes less likely to do so.

[0006] The tendency of the fluid to undesirably exit only
through the most proximal holes of the catheter can in
some cases be overcome by increasing the flow rate or
pressure of the fluid, which causes the fluid to flow
through more of the exit holes of the catheter. Indeed, if
the flow rate or pressure is sufficiently high, the fluid will
flow through all of the exit holes. However, sometimes it
is medically desirable to deliver medication at a relatively
slow rate, i.e., at a low pressure. Also, even in those
cases in which high pressure fluid delivery is acceptable
or desirable, prior art catheters do not provide for uniform
fluid delivery along the infusion section of the catheter.
Rather, the flow rate through the exit holes nearer to the
proximal end of the infusion section tends to be greater
than that through the exit holes nearer to the distal end.
This is because the fluid passing through the more prox-
imal holes experiences a lower flow resistance and pres-
sure drop. In contrast, the fluid flowing through the more
distal holes experiences greater flow resistance and
pressure drop, and consequently exits at a lower flow
rate. The further distal the hole, the lower the exit flow
rate of the fluid. As a result, there is an uneven distribution
of medication throughout the wound area.

[0007] Inanother known type of infusion catheter, sev-
eral lumens are provided within a catheter tube. For each
lumen, one exit hole is provided by piercing a hole within
the wall of the tube. The exit holes are provided at differ-
ent axial positions along the infusion section of the cath-
eter tube. In this manner, fluid medication may be deliv-
ered to several positions within the wound area. While
this configuration offers improved fluid distribution, it has
some disadvantages. One disadvantage is that the fluid
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flow rates through the exit holes are not equal, since the
more distal exit holes offer a greater flow resistance for
the same reasons discussed above. Another disadvan-
tage is that the number of lumens, and consequently the
number of fluid exit holes, is limited by the small diameter
of the catheter tube. As a result, fluid may be delivered
only to a very limited number of positions within the
wound area. Yet another disadvantage is that the prox-
imal ends of the lumens must be attached to a compli-
cated manifold which increases the cost of manufacturing
the catheter.

[0008] An example of a catheter providing a more uni-
form dispensation of fluid medication throughout an in-
fusion section of the catheter is illustrated by U.S. Patent
No. 5,425,723 to Wang. Wang discloses an infusion cath-
eter including an outer tube, an inner tube concentrically
enclosed within the outer tube, and a central lumen within
the inner tube. The inner tube has a smaller diameter
than the outer tube, so that an annular passageway is
formed therebetween. The outer tube has a plurality of
evenly spaced exit holes defining the infusion section of
the catheter. In use, fluid flowing within the central lumen
passes through strategically positioned side holes within
the side walls of the inner tube. In particular, the spacing
between adjacent side holes decreases along a length
of the inner tube to induce more fluid to pass through the
more distal side holes. The fluid then flows longitudinally
through the annular passageway before exiting through
the exit holes in the outer tube wall. In the annular pas-
sageway, the fluid can flow in a distal or proximal direc-
tion, depending on the location of the nearest exit hole
in the outer tube. This configuration is provided to induce
a more uniform exit flow rate of fluid from the catheter.
[0009] Unfortunately, the Wang catheter is only effec-
tive for relatively high pressure fluid delivery. When used
for relatively low pressure fluid delivery, the catheter dis-
closed by Wang does not provide uniform dispensation
of fluid. Instead, the fluid tends to exit through the side
holes of the inner and outer tubes that are nearest to the
proximal end of the infusion section of the catheter, since
these holes offer the least flow resistance. Even for high
pressure fluid delivery, there are several limitations of
this design. One limitation is that the concentric tubes
design is relatively complex and difficult to manufacture.
Both tubes must be flexible enough to permit maneuver-
ability through an anatomical system, yet the annular
passageway must remain open so that fluid may flow
uniformly therein. Another limitation is that the annular
passageway may be disturbed if there is a bend in the
infusion section of the tube. A bend in the catheter may
deform the annular passageway or even cause the inner
and outer tubes to come into contact. This can cause an
uneven fluid pressure within a longitudinal cross-section
of the annular passageway, resulting in non-uniform fluid
delivery.

[0010] Another problem with prior art catheters used
for epidural, nerve block and wound site pain manage-
ment applications is the increased potential for infection
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resulting from incision in the patient’s skin to permit in-
sertion of the catheter or from the mere existence of the
catheter within the patient. The incision that permits the
catheter to be inserted into the patient compromises the
protective function of the skin and may allow microbial
growth at or near the incision. In addition, the catheter
itself may provide a means for microbes to enter the body
and cause an infection. Typically, the area around the
insertion site of the catheter is cleaned regularly and pro-
tected with a wound dressing and/or antibiotic ointment.
However, this repetitive cleaning is usually uncomforta-
ble to the patient and may not entirely prevent the occur-
rence of an infection.

Summary of the Invention

[0011] Accordingly, preferred embodiments of the
present catheter are configured to overcome some or all
of these limitations and to provide an improved catheter
for delivering fluid medication to an anatomical region,
while also providing advantageous anti-microbial prop-
erties. Preferably, the catheters are configured to provide
asustainedrelease of an active anti-microbial substance,
such as metal ions, for example. In one preferred ar-
rangement, the catheter includes a silver ion containing
material coated on or dispersed within one or more com-
ponents or portions of the catheter. In certain preferred
arrangements, at least a portion of the catheter is made
of a bio-absorbable material. Furthermore, the catheters
may be constructed as aspiration catheters and em-
ployed to remove fluid from an anatomical region.
[0012] A preferred embodiment is a catheter for deliv-
ery of fluid including an elongated tube having a plurality
of exit holes provided along a length of the tube to define
an infusion section of the catheter. The tube is sized to
be inserted into an anatomical region. An elongated
member is positioned within the tube and is formed of a
porous material configured to control a rate of fluid flow
through the member. The catheter is configured such
that a fluid introduced into a proximal end of the tube will
flow through the exit holes. At least one of the tube and
the elongated member incorporates an anti-microbial
substance and is configured for the sustained release of
the anti-microbial substance into the fluid.

[0013] Another preferred embodiment is a catheter for
delivery of fluid including an elongated support and a
porous membrane wrapped around the support. The sup-
port and the porous membrane cooperate to define at
least one lumen to receive a flow of fluid. At least one of
the support and the porous membrane incorporate an
anti-microbial substance and is configured for the sus-
tained release of the anti-microbial substance into the
fluid.

[0014] Yetanother preferred embodimentis a catheter
for the delivery of fluid including a tube and a tubular coil
spring having a proximal end attached to a distal end of
the tube. A stop closes a distal end of the spring. The
tube and the spring each define a portion of a central
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lumen. The spring has adjacent coils in contact with one
another when the spring is in a relaxed state, so that fluid
within the spring and below a threshold dispensation
pressure is prevented from exiting the lumen by flowing
radially between the coils. The spring has the property
of stretching when the fluid pressure is greater than or
equal to the threshold dispensation pressure to permit
the fluid to be dispensed from the lumen by flowing radi-
ally between the coils. At least one of the tube and the
tubular coil spring comprises an anti-microbial substance
and is configured for the sustained release of the anti-
microbial substance into the fluid.

[0015] Another preferred embodiment is a catheter for
the delivery of fluid including a distally closed tube. A
length of the tube defines an infusion section of the cath-
eter and has a plurality of exit holes in a side wall of the
tube. A tubular coil spring is enclosed within the infusion
section so that a lumen is defined within the tube and the
spring. The spring has adjacent coils in contact with one
another so that fluid within the lumen and below a thresh-
old dispensation pressure is prevented from exiting the
lumen by flowing radially between the coils. The spring
has the property of stretching when the fluid pressure is
greater than or equal to the threshold dispensation pres-
sure to permit the fluid to be dispensed from the lumen
by flowing radially between the coils and through the exit
holes. Atleast one of the tube and the spring incorporates
an anti-microbial substance and is configured for the sus-
tained release of the anti-microbial substance into the
fluid.

[0016] Yetanotherpreferred embodimentis a catheter
for the delivery of fluid throughout an anatomical region
including a tube having a closed distal end and defining
an interior lumen having a minimum cross-sectional flow
area. A distal end portion of the tube includes a plurality
of exit holes therethrough. The plurality of exit holes are
sized such that a combined flow area of the exit holes is
less than the minimum cross-sectional flow area such
that the exit holes form a flow-restricting orifice for the
flow of a fluid from within the lumen through the exit holes.
The tube incorporates an anti-microbial substance and
is configured for the sustained release of the anti-micro-
bial substance into the fluid.

[0017] Stillanother preferred embodimentis a catheter
for delivering a fluid including an elongated tube having
a closed distal end. At least a distal section of the tube
is constructed from a bio-absorbable material. At least a
portion of the distal section defines a porous side wall,
which permits fluid within the lumen to pass through the
portion of the distal section. At least a portion of the distal
section incorporates an anti-microbial substance and is
configured for the sustained release of the anti-microbial
substance into the fluid.

[0018] All of these embodiments are intended to be
within the scope of the invention herein disclosed. These
and other embodiments of the present invention will be-
come readily apparent to those skilled in the art from the
following detailed description of the preferred embodi-
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ments having reference to the attached figures, the in-
vention not being limited to any particular preferred em-
bodiments disclosed.

[0019] For purposes of summarizing the invention and
the advantages achieved over the prior art, certain ob-
jects and advantages of the invention have been de-
scribed herein above. Of course, it is to be understood
that not necessarily all such objects or advantages may
be achieved in accordance with any particular embodi-
ment of the invention. Thus, for example, those skilled in
the art will recognize that the invention may be embodied
or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein with-
out necessarily achieving other objects or advantages
as may be taught or suggested herein.

Brief Description of the Drawings

[0020] Figure 1 is a schematic side view of a catheter
having features and advantages in accordance with a
first embodiment of the present invention.

[0021] Figure 2 is a sectional view of the catheter of
Figure 1, taken along line 2-2 of Figure 1.

[0022] Figure 3 is a sectional view of the catheter of
Figure 1, taken along line 3-3 of Figure 1.

[0023] Figure 4 is a perspective view of the end portion
and support beam of the catheter of Figure 1, illustrating
a cross-section taken along line 4-4 of Figure 1.

[0024] Figure 5is a side view of a catheter having fea-
tures and advantages in accordance with a second em-
bodiment of the present invention.

[0025] Figure 6 is a cross-sectional view of the infusion
section of the catheter of Figure 5 taken along line 6-6
of Figure 5.

[0026] Figure 7 is a cross-sectional view of a catheter
having features and advantages in accordance with a
third embodiment of the present invention.

[0027] Figure 8 is a side view of a catheter having fea-
tures and advantages in accordance with a fourth em-
bodiment of the present invention.

[0028] Figure 9is a side view of a catheter having fea-
tures and advantages in accordance with a fifth embod-
iment of the present invention.

[0029] Figure 10Ais a cross-sectional view of the cath-
eter of Figure 9, illustrating an unstretched state of the
spring.

[0030] Figure 10B is a cross-sectional view of the cath-

eterof Figure 9, illustrating a stretched state of the spring.
[0031] Figure 11 is a cross-sectional view of a catheter
having features and advantages in accordance with a
sixth embodiment of the present invention.

[0032] Figure 12 is a side view of a catheter having
features and advantages in accordance with a seventh
embodiment of the present invention.

[0033] Figure 13 is a longitudinal cross-sectional view
of a catheter having features and advantages in accord-
ance with an eighth embodiment of the present invention.
[0034] Figure 14 is a longitudinal cross-sectional view
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of a catheter similar to that of Figure 13, illustrating a first
attachment alternative between the internal porous
member and the tube.

[0035] Figure 15 is a longitudinal cross-sectional view
of a catheter similar to that of Figure 13, illustrating a
second attachment alternative between the internal po-
rous member and the tube.

[0036] Figure 16 is a longitudinal cross-sectional view
of a catheter similar to that of Figure 13, illustrating a third
attachment alternative between the internal porous
member and the tube.

[0037] Figure 17 is a transverse cross-sectional view
of a catheter according to Figures 13-16, wherein the
internal porous member is concentric with the outer tube.
[0038] Figure 18 is a transverse cross-sectional view
of a catheter according to Figures 13-16, wherein the
internal porous member is not concentric with the outer
tube.

[0039] Figure 19is aschematicillustration of a catheter
of the present invention used in conjunction with an air
eliminating filter.

[0040] Figure 20 is a side view of a catheter having
features and advantages in accordance with a ninth em-
bodiment of the present invention.

[0041] Figure 21 is a side view of a catheter having
features and advantages in accordance with a tenth em-
bodiment of the present invention.

[0042] Figure 22 is a schematic illustration of the use
of a catheter of the present invention for treating a blood
clot.

[0043] Figure 23 is a cross-sectional view of a catheter
similar to the catheter of Figures 1-4 and having an anti-
microbial layer on the membrane and support.

[0044] Figure 24 is a cross-sectional view of a catheter
similar to the catheter of Figures 1-4 and having an anti-
microbial material embedded within the membrane and
support.

[0045] Figure 25 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figures 6 and 7
and having an anti-microbial layer on the catheter body.
[0046] Figure 26 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figures 6 and 7
and having an anti-microbial material embedded within
the porous membrane.

[0047] Figure 27 is a longitudinal cross-sectional view
of a catheter similar to the catheters of Figures 13-18 and
having an anti-microbial layer on the catheter body.
[0048] Figure 28 is a longitudinal cross-sectional view
of a catheter similar to the catheters of Figures 13-18 and
having an anti-microbial material embedded within the
porous member.

[0049] Figure 29 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figure 11 and hav-
ing an anti-microbial layer on the catheter body.

[0050] Figure 30 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figure 11 and hav-
ing an anti-microbial material embedded within the cath-
eter body.
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[0051] Figure 31 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figure 12 and hav-
ing an anti-microbial layer on the catheter body.

[0052] Figure 32 is a longitudinal cross-sectional view
of a catheter similar to the catheter of Figure 12 and hav-
ing an anti-microbial material embedded within the cath-
eter body.

[0053] Figure 33 is side elevation view of a catheter
having features and advantages in accordance with an-
other embodiment of the present invention, which in-
cludes a tubular porous membrane, or sheath.

[0054] Figure 33Ais a cross-sectional view of the cath-
eter of Figure 33, taken along line 33A-33A.

[0055] Figure 34 is a cross-sectional view of the cath-
eter of Figure 33, taken along line 34-34.

[0056] Figure 35 is a schematic side view of a catheter
having features and advantages in accordance with an-
other embodiment of the present invention, wherein at
least a portion of the catheter is constructed from a bio-
absorbable material.

[0057] Figure 36 is an enlarged side view of a junction
between a non-porous section and a bio-absorbable sec-
tion of the catheter of Figure 35.

[0058] Figure 36A is a cross-sectional view of the junc-
tion of Figure 36, taken along line 36A-36A.

[0059] Figure 37 is an enlarged side view of distal end
of the catheter of Figure 3 5.

Detailed Description of the Preferred Embodiments

[0060] Figures 1-4 illustrate an infusion catheter 20 ac-
cording to one embodiment of the present invention.
Catheter 20 preferably includes a flexible support 22
(Figs. 2-4), a non-porous membrane 24, and a porous
membrane 26. The membranes 24 and 26 are wrapped
around the support 22 to form a plurality of axial lumens
between the inner surfaces of the membranes 24 and 26
and the surface of the support 22, as described in greater
detail below. The non-porous membrane 24 defines a
non-infusing section 28 of the catheter 20, and preferably
covers the support 22 from the proximal end thereof to
a point 30, shown in Fig. 1. Similarly, the porous mem-
brane 26 defines an infusion section 32 of catheter 20,
and preferably covers the support 22 from the point 30
to the distal end of support 22. Alternatively, the catheter
20 may be configured without a non-porous membrane
24. In this configuration, the porous membrane 26 covers
the entire length ofthe support 22, so that the entire length
of the support 22 corresponds to the infusion section of
the catheter 20. The infusion section can have any de-
sired length. The proximal end of the catheter 20 may be
connected to a fluid supply 34 containing a fluid 36 such
as a liquid medication. The distal end of catheter 20 may
include a cap 48 (Fig. 4) defining the endpoint of the axial
lumens within the catheter 20.

[0061] In use, the catheter 20 is inserted into an ana-
tomical system, such as a human body, to deliver fluid
medication directly to a wound area within the anatomical
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system. In particular, the catheter 20 is designed to de-
liver medication throughout a generally linear segment
of the wound area, corresponding to the infusion section
32 of the catheter 20. Thus, the catheter is preferably
inserted so that the infusion section 32 is positioned with-
in the wound area. By using well known methods, a phy-
sician or nurse may insert the catheter 20 with the aid of
an axial guide wire 46 positioned within an axial guide
wire lumpen 44 of the catheter. Once the catheter is po-
sitioned as desired, the guide wire 46 is simply pulled
back out through the proximal end of the catheter 20.
Alternatively, the catheter 20 may be provided without a
guide wire or a guide wire lumen.

[0062] Figs. 2 and 3illustrate a preferred configuration
of the support 22. The surface of the support 22 includes
interruptions such as a plurality of ribs 40 as shown in
the figures. The interruptions are configured so that when
the membranes 24 and 26 are wrapped around the sup-
port 22, the membranes form a portion of the walls of a
plurality of axial lumens 38 within which the fluid 36 may
flow. In a preferred configuration, a plurality of ribs 40
extend radially from a common axial center portion 42 of
the support 22. The ribs 40 also extend longitudinally
along a length of the support 22, and preferably along
the entire length thereof. In the non-infusing section 28,
shown in Fig. 2, the non-porous membrane 24 is prefer-
ably tightly wrapped around the outer edges of the ribs
40. As a result, the axial lumens 38 are formed between
the inner surface of the non-porous membrane 24 and
the outer surface of support 22. Similarly, in the infusion
section 32, shown in Fig. 3, the porous membrane 26 is
preferably tightly wrapped around the outer edges of the
ribs 40, so that the axial lumens 38 are formed between
the inner surface of porous membrane 26 and the outer
surface of support 22.

[0063] Inan alternative embodiment of the catheter 20,
the porous membrane 26 may be wrapped around the
entire length of the support 20, thus replacing the non-
porous membrane 24. In this embodiment, the entire
length of the support 22 corresponds to the infusion sec-
tion 32. According to another alternative embodiment,
the support 22 may extend only within the infusion section
32, and a tube may be provided extending from the fluid
supply 34 to the proximal end of the support 22. In this
embodiment, the tube replaces the non-porous mem-
brane 24 and the portion of the support 22 extending
within the non-infusing section 28 of the preferred em-
bodiment. In other words, the tube defines the non-infus-
ing section 28.

[0064] In the preferred configuration, the number of
ribs 40 equals the number of axial lumens 38. Although
five ribs 40 and axial lumens 38 are shown in Figs. 2 and
3, any suitable number of ribs 40 and lumens 38 may be
provided, giving due consideration to the goals of provid-
ing a plurality of lumens within the catheter 20, maintain-
ing flexibility, and, if desired, maintaining the fluid inde-
pendence of the lumens. Herein, the terms "fluid inde-
pendence," "fluid separation," and the like, when used to
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describe a plurality of axial lumens, simply mean that the
lumens do not fluidly communicate with each other. The
membranes 24 and 26 are preferably glued along the
outer edges of the ribs 40, utilizing any suitable glue,
such as a medical grade glue or epoxy. This prevents
the membranes 24 and 26 from slipping, which might
occur as the catheter is inserted or removed from the
anatomy. More preferably, the membranes are glued
along the entire length of the outer edges of each of the
ribs 40. Alternatively, the membrane may be wrapped
around the support and not secured to the support by a
foreign substance. The membrane and support may also
be secured to each other by other means known to those
of skill in the art. This maintains the fluid independence
of the lumens 38. If desired, an axial guide wire lumen
44 may be provided within the axial central portion 42 of
the support 22. The guide wire lumen 44 is adapted to
receive a guide wire 46 which may be used to aid in the
insertion of the catheter 20 into the anatomy, as de-
scribed above and as will be easily understood by those
of skill in the art.

[0065] As shown in Fig. 4, the catheter 20 preferably
includes an end portion or cap 48 secured to the distal
end of support 22. End portion 48 may be formed inte-
grally with the support 22 or may be adhesively bonded
thereto. Preferably, the proximal end of end portion 48
is circular and has a diameter such that the outer surface
of the proximal end of end portion 48 is aligned with the
outer edges of the ribs 40 of the support 22, as shown.
The porous membrane 26 is wrapped around the proxi-
mal end of the end portion 48. The membrane 26 is pref-
erably glued to the end portion 48 so that fluid 36 within
the lumens 38 is prevented from exiting the catheter 20
without passing through the walls of the membrane 26.
End portion 48 blocks axial fluid flow through the distal
end of catheter 20. However, end portion 48 may option-
ally be formed from a porous material to permit some
axial dispensation of fluid from the distal end of the cath-
eter 20, if desired. The distal end of end portion 48 is
preferably dome-shaped, as shown, to permit the cath-
eter 20 to more easily be inserted into an anatomical
region.

[0066] The support 22 can be formed from a variety of
materials, giving due consideration to the goals of flexi-
bility, light-weight, strength, smoothness, and non-reac-
tivity to anatomical systems, i.e., safety. Suitable mate-
rials for the support 22 include nylon, polyamide, teflon,
and other materials known to those skilled in the art. The
porous membrane 26 is preferably a sponge-like or foam-
like material or a hollow fiber. The membrane 26 may be
formed from a variety of suitable materials, giving due
consideration to the goals of being flexible and non-re-
active to anatomical systems. The membrane 26 prefer-
ably has a porosity resulting in substantially uniform dis-
pensation of fluid along the surface area of the infusion
section 32 of the catheter 20, and has an average pore
size sufficiently small to limit the flow of bacteria through
the membrane walls. Some suitable materials for the
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membrane 26 are polyethylene, polysulfone, polyether-
sulfone, polypropylene, polyvinylidene difluoride, poly-
carbonate, nylon, high density polyethylene or any other
hydrophilic material. These materials are advantageous-
ly biocompatible. The porous membrane 26 may filter out
unwanted bacteria from the fluid medication as it passes
through the membrane 26. It is known that the smallest
bacteria cannot pass through a pore any smaller than
0.23 microns. Thus, the average pore size, or pore di-
ameter, of the porous membrane 26 may be less than
0.23 microns to prevent bacteria from traversing the
membrane 26. In other arrangements, however, the av-
erage pore size, or pore diameter, of the membrane 26
is preferably within the range of about 0.1 to 1.2 microns,
more preferably within the range of about 0.3 to 1 micron,
and even more preferably about 0.8 microns.

[0067] As mentioned above, the proximal end of cath-
eter 20 may be connected to a fluid supply 34. The cath-
eter 20 may be configured so that each axial lumen 38
is fluidly independent. In other words, the lumens 38
would not fluidly communicate with one another. The
catheter 20 may be connected to a single fluid supply 34,
so that the fluid 36 flows within each of the lumens 38.
Alternatively, the catheter 20 may be connected to a plu-
rality of separate fluid supplies so that several different
fluids may separately flow within the lumens 38. Accord-
ing to this configuration, each lumen 38 may be connect-
ed to a separate fluid supply so that the total number of
different fluids that may be delivered to the anatomy is
equal to the number of lumens 38. Alternatively, the fluid
lumens need not be fluidly independent. For example,
the membrane 26 may not be secured to the support 22
along the entire length of the support 22, thus permitting
fluid 36 to migrate between lumens 38.

[0068] In operation, the catheter 20 delivers fluid di-
rectly to the area of the anatomy that is adjacent to the
infusion section 32. The fluid 36 from the fluid source 34
is introduced into the axial lumens 38 at the proximal end
of the catheter 20. The fluid 36 initially flows through the
non-infusing section 28. When the fluid 36 first reaches
the infusion section 32, it soaks into the porous mem-
brane 26. As more fluid 36 enters the infusion section
32, it diffuses longitudinally within the walls of the mem-
brane 26 until the entire membrane 26 and infusion sec-
tion 32 are saturated with fluid. At this point the fluid 36
begins to pass through the membrane 26, thereby exiting
the catheter 20 and entering the anatomy. Moreover, the
fluid 36 advantageously passes through the entire sur-
face area of the porous membrane 26 at a substantially
uniform rate, due to the characteristics of the membrane
26. Thus, the fluid is delivered at a substantially equal
rate throughout a generally linear segment of the wound
area of the anatomy. Furthermore, this advantage is ob-
tained for both low and high pressure fluid delivery.
[0069] Figs. 5 and 6 illustrate a catheter 50 according
to an alternative embodiment of the present invention.
According to this embodiment, the catheter 50 includes
an elongated outer tube 52 and an inner elongated tu-
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bular porous membrane 54. The tubular membrane 54
is preferably concentrically enclosed within the outer tube
52. More preferably, the tube 52 tightly surrounds and
supports the tubular membrane 54 so that a relatively
tight fit is achieved between the inner dimensions of tube
52 and the outer dimensions of membrane 54. A plurality
of fluid exit holes 56 are provided within the tube 52,
preferably throughout the entire circumference thereof.
The portion of tube 52 that includes the exit holes 56
defines the infusion section of catheter 50. The tubular
membrane 54 need only be provided along the length of
the infusion section, but could be longer. Optionally, axial
exit holes may be provided within the distal tip 58 of the
tube 52. Also, a guide wire and/or guide wire lumen may
be provided to aid in the insertion of the catheter 50 into
the anatomy, as will be understood by those skilled in
the art.

[0070] Thetube 52 may be formedfrom any of a variety
of suitable materials, such as nylon, polyether block
polyamide, PTFE, polyimide, teflon and other materials
known to those skilled in the art, giving due consideration
to the goals of non-reactivity to anatomical systems, flex-
ibility, light-weight, strength, smoothness, and safety. In
a preferred configuration, the tube 52 is preferably a 19
to 20 gauge catheter tube, having inside and outside di-
ameters of 0.021 inches and 0.035 to 0.043 inches, re-
spectively. The exit holes 56 of tube 52 are preferably
about 0.015 inches in diameter and provided at equally
spaced axial positions along the tube 52. The holes 56
are preferably arranged so that every hole is angularly
displaced about 120° relative to the longitudinal axis of
the tube 52, from the angular location of the previous
hole. The axial separation between adjacent exit holes
56 is preferably within the range of about 0.125 to 0.25
inches, and more preferably about 3/16 inch. Also, the
infusion section can have any desirable length. This con-
figuration results in a thorough, uniform delivery of fluid
throughout a generally linear segment of the wound area.
Of course, the exit holes 56 may be provided in any of a
variety of alternative arrangements.

[0071] The tubular porous membrane 54 is preferably
a sponge-like or foam-like material or a hollow fiber. The
tubular membrane 54 may have an average pore size,
or pore diameter, less than 0.23 microns to filter bacteria.
In other arrangements, however, the pore diameter is
preferably within the range of about 0.1 to 1.2 microns,
more preferably within the range of about 0.3 to 1 micron,
and even more preferably about 0.8 microns. The tubular
membrane 54 may be formed from any of a variety of
suitable materials, giving due consideration to the goals
of non-reactivity to anatomical systems, maintaining flex-
ibility, fitting within the size constraints of the tube 52,
and having a porosity resulting in the substantially uni-
form dispensation of fluid through all of the exit holes 56
in tube 52. Some suitable materials for the membrane
54 are polyethylene, polysulfone, polyethersulfone, poly-
propylene, polyvinylidene difluoride, polycarbonate, ny-
lon, high density polyethylene or any other hydrophilic
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material. Preferable inside and outside diameters of the
tubular membrane 54 are 0.010 inches and 0.018 inches,
respectively. In the event that a guide wire 46 is provided,
the guide wire may be a stainless steel wire about 0.005
inches in diameter. The tube 52 may be secured to the
membrane 54 by epoxy, cyanoacrylate or other means
known to those skilled in the art. Alternatively, the mem-
brane 54 may contact the tube 52 with an interference fit
and not use other materials to secure the membrane 54
in the tube 52.

[0072] Inoperation, the catheter 50 delivers fluid to the
region of an anatomical system adjacent to the infusion
section of catheter 50. As the fluid flows into the infusion
section, it initially soaks into the tubular porous mem-
brane 54. As more fluid enters the infusion section, the
fluid diffuses longitudinally within the walls of the tubular
member 54. Once the membrane 54 and the tubular
space therein are saturated, the fluid passes through the
membrane 54 and exits the catheter 50 by flowing
through the exit holes 56 of the tube 52. Moreover, the
fluid advantageously passes through the membrane sub-
stantially uniformly throughout the surface area of the
membrane 54, resulting in a substantially uniform flow
through substantially all of the exit holes 56. Thus, the
fluid is delivered at a substantially equal rate throughout
the wound area of the anatomy. Furthermore, this ad-
vantage is obtained for both low and high pressure fluid
delivery.

[0073] Fig. 7 illustrates a catheter 70 according to an-
other embodiment of the present invention. Catheter 70
includes a tube 72 having a plurality of exit holes 76 in
side walls of the tube, and a tubular porous membrane
74 concentrically enclosing the tube 72. Catheter 70 op-
erates in a similar manner to catheter 50 described above
in connection with Figs 5 and 6. In use, fluid medication
passes through the exit holes 76 and then begins to soak
into the porous membrane 74. The fluid diffuses longitu-
dinally within the walls of the membrane until the mem-
brane is saturated. Thereafter, the fluid leaves the mem-
brane walls and enters the anatomy. Advantageously,
the fluid is dispensed to the anatomy at a substantially
uniform rate throughout the surface area of the mem-
brane 74. As in the previous embodiments, this advan-
tage is obtained for both low and high pressure fluid de-
livery.

[0074] Fig. 8 illustrates a catheter 60 according to an-
other embodiment of the present invention. Catheter 60
is better suited for relatively high flow rate delivery of fluid
to a region within an anatomical system. Catheter 60 in-
cludes a tube 62 having a plurality of exit holes 64 of
increasing size. In particular, the more distal exit holes
are larger in diameter than the more proximal exit holes.
The position of the exit holes 64 on the tube 62 defines
the length of the infusion section of the catheter 60. The
infusion section can have any desired length. The prox-
imal end of catheter 60 is connected to a fluid supply,
and a guide wire and/or guide wire lumen may also be
provided for aiding in the insertion of catheter 60 into the
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anatomy.

[0075] As discussed above, for high or low pressure
fluid delivery, exit holes nearer to the distal end of a cath-
eter tube generally have increased flow resistance com-
pared to exit holes nearer to the proximal end of the tube.
Also, the fluid flowing through the more distal holes ex-
periences a greater pressure drop. Consequently, there
is generally a greater flow rate of fluid through the more
proximal holes, resulting in non-uniform fluid delivery. In
contrast, catheter 60 advantageously provides substan-
tially uniform fluid delivery through substantially all of the
exit holes 64, under relatively high flow rate conditions.
This is because the larger size of the more distal holes
compensates for their increased flow resistance and
pressure drop. In other words, since the more distal holes
are larger than the more proximal holes, there is a greater
flow rate through the more distal holes than there would
be if they were the same size as the more proximal holes.
Advantageously, the holes 64 are provided in a gradually
increasing size which results in substantially uniform fluid
delivery. In addition, the exit holes 64 may be sized so
that they combine to form a flow-restricting orifice, as
described below in connection with the embodiment of
Fig. 12.

[0076] As compared to prior art catheters, catheter 60
is advantageously simple and easy to manufacture. All
that is required is to drill a plurality of exit holes 64 in the
tube 62. Furthermore, catheter 60 can sustain greater
bending than prior art catheters while maintaining oper-
ability. In contrast to prior art catheters, such as the Wang
catheter, ifthe tube 62 is bent somewhat, it will still deliver
fluid relatively uniformly. This is because the tube 62 has
asingle lumen with arelatively large cross-section. When
the tube 62 is somewhat bent, fluid flowing within the
lumen is less likely to experience blockage and a conse-
quent pressure change which might lead to non-uniform
fluid dispensation.

[0077] The tube 62 of catheter 60 may be formed from
any of a wide variety of materials, giving due considera-
tion to the goals of non-reactivity to anatomical systems,
flexibility, light-weight, strength, smoothness, and safety.
Suitable materials include nylon, polyether block polya-
mide, PTFE, polyimide, teflon, and other materials known
to those skilled in the art. The infusion section can have
any desired length butis preferably about 0.5t0 20 inches
long, and more preferably about 10 inches long. The di-
ameter of the exit holes 64 preferably ranges from about
0.0002 inches at the proximal end of the infusion section
toabout 0.01 inches at the distal end thereof. The largest,
i.e., mostdistal, exit hole 64 is preferably about 0.25 inch-
es from the distal end of the tube 62. In the preferred
configuration, the axial separation between adjacent
holes 64 is within the range of about 0.125to 0.25 inches,
and more preferably about 3/16 inch. Optionally, the
holes 64 may be provided so that adjacent holes are an-
gularly displaced by about 120 degrees as in the embod-
iment of Fig. 5. Of course, if too many exit holes 64 are
provided, the tube 62 may be undesirably weakened.
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[0078] Figures 9, 10A, and 10B illustrate a catheter 80
according to another embodiment of the present inven-
tion. The catheter 80 comprises a tube 82, a "weeping"
tubular coil spring 84, and a stop 86. The proximal end
of the spring 84 is attached to the distal end of the tube
82 so that the tube and spring each define a portion of a
central lumen. A preferably dome-shaped stop 86 is at-
tached to and closes the distal end of the spring 84. The
portion of the spring 84 that is distal to the tube 82 com-
prises the infusion section of the catheter 80. In an un-
stretched state, shown in Fig. 10A, the spring 84 has
adjacent coils in contact with one another so that fluid
within the spring and below a threshold dispensation
pressure is prevented from exiting the lumen by flowing
radially between the coils. The spring 84 has the property
of stretching longitudinally, as shown in Fig. 10B, when
the fluid pressure is greater than or equal to the threshold
dispensation pressure of the spring, thereby permitting
the fluid to be dispensed from the lumen by "weeping,"
i.e., leaking radially outward between the coils. Alterna-
tively, the spring may stretch radially without elongating
to permit fluid to weep through the coils of the spring.
Further, the spring may stretch both longitudinally and
radially to permit weeping, as will be understood by those
of skill in the art. Advantageously, the fluid between the
coils of the spring is dispensed substantially uniformly
throughout the length and circumference of the portion
of the spring that is distal to the tube 82, i.e., the infusion
section. The catheter 80 can be used for both high or low
flow rate fluid delivery.

[0079] In use, the catheter 80 is inserted into an ana-
tomical region so that the spring 84 is in a region to which
fluid medication is desired to be delivered. The spring is,
initially in an unstretched state, as shown in Fig. 10A.
The fluid is introduced into a proximal end of the tube 82
of the catheter 80 and flows into and through the spring
84 until it reaches the stop 86. As fluid is continually in-
troduced into the proximal end of the tube 82, the fluid
builds inside of the spring 84. When the spring 84 is filled
with fluid, the fluid pressure rises more quickly. The fluid
imparts a force directed radially outward onto the spring
coils. As the pressure builds, the outward force becomes
larger. Once the fluid pressure rises to the threshold dis-
pensation pressure, the outward force causes the spring
coils to separate slightly so that the spring stretches lon-
gitudinally, as shown in Fig. 10B. Alternatively, the coils
may separate radially, as discussed above. The fluid then
flows through the separated coils to be dispensed from
the catheter 80. Moreover, the dispensation is advanta-
geously uniform throughout the infusion section of the
catheter 80. As fluid is continually introduced into the
tube 82, the spring 84 remains stretched to continually
dispense fluid to the desired region within the anatomy.
If the fluid introduction temporarily ceases, the fluid pres-
sure within the spring 84 may fall below the threshold
dispensation pressure. If so, the spring will compress so
that the coils are once again adjacent and the fluid is no
longer dispensed.
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[0080] Several spring types will achieve the purposes
of this invention. Suitable stainless steel spring types are
304, 316L or 402L, which can be readily purchased. In
a preferred configuration, the spring 84 has about 200
coils per inch along its length. In this configuration, the
spring can advantageously sustain a high degree of
bending without leaking fluid from within, and only a se-
vere bend will cause adjacent coils to separate. Thus,
the spring 84 may be flexed considerably within an ana-
tomical region without causing fluid to leak and therefore
be dispensed to only one region within the anatomy. The
spring 84 can have any desired length to define the length
of the infusion section of the catheter 80. The spring may
be formed from a variety of materials, giving due consid-
eration to the goals of strength, flexibility, and safety. A
preferred material is stainless steel. In the preferred con-
figuration, the inside and outside diameters of the spring
are about 0.02 inches and 0.03 inches, respectively, and
the spring wire has a diameter of about 0.005 inches.
The proximal end of the spring 84 is preferably concen-
trically enclosed within the distal end of the tube 82. The
spring can be glued to the inside wall of the tube 82 using,
for example, a U.V. adhesive, a potting material, or other
bonding materials. Alternatively, the spring can be sol-
dered within the tube 82 or be fitted with a proximal plug
and tightly plugged into the tube 82.

[0081] The tube 82 and stop 86 can be formed from
any of a variety of materials, giving due consideration to
the goals of flexibility, light-weight, strength, smoothness,
and safety. Suitable materials include nylon, polyether
block polyamide, PTFE, polyimide, teflon, and other ma-
terials known to those skilled in the art.

[0082] Fig. 11 illustrates a catheter 90 according to an-
other embodiment of the present invention. The catheter
90 comprises a distally closed tube 92 and a "weeping"
tubular coil spring 94 concentrically enclosed within the
tube 92 so that a lumen is defined within the tube and
spring. A plurality of exit holes 96 are provided along a
length of the tube 92, in the side wall thereof. The length
of the tube 92 including such exit holes 96 defines an
infusion section of the catheter 90. The exit holes 96 are
preferably provided throughout the walls of the infusion
section. The infusion section can have any desired
length. In the preferred configuration, the axial spacing
between adjacent holes 96 is within the range of about
0.125 to 0.25 inches, and more preferably about 3/16
inch. Adjacent holes 96 are preferably angularly spaced
apart by about 120 degrees. The spring 94 is preferably
enclosed within the infusion section of the catheter and
configured similarly to the spring 84 of the embodiment
of Figs. 9, 10A and 10B. The spring 94 is preferably longer
than the infusion portion and positioned so that all of the
exit holes 96 are adjacent to the spring 94. In this con-
figuration, the fluid is prevented from exiting the lumen
without flowing between the spring coils. A stop is pref-
erably attached to the tube to close the distal end thereof.
Alternatively, the tube 92 may be formed with a closed
distal end. The catheter 90 can be used for high or low
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flow rate fluid delivery.

[0083] In use, the catheter 90 is inserted into an ana-
tomical region so that the infusion section is in a region
to which fluid medication is desired to be delivered. The
fluid is introduced into a proximal end of the tube 92 of
the catheter 90 and flows through the spring 94 until it
reaches the closed distal end of the tube 92. As fluid is
continually introduced into the proximal end of the tube
92, the fluid builds inside of the spring 94. Eventually, the
spring 94 becomes filled with fluid, the fluid pressure ris-
es, and the fluid weeps through the spring coils as de-
scribed above in connection with the embodiment of Figs.
9, 10A, and 10B. Moreover, the fluid flows through the
spring coils substantially uniformly throughout the length
and circumference of the spring 94. The fluid then exits
the tube 92 by flowing through the exit holes 96 of the
infusion section. The exit holes are preferably equal in
size so that the fluid flows at a substantially equal rate
through the exit holes, advantageously resulting in a gen-
erally uniform distribution of fluid throughout a desired
region of the anatomy. As fluid is continually introduced
into the catheter 90, the spring 94 remains stretched to
continually dispense fluid from the catheter. If the fluid
introduction ceases temporarily, the fluid pressure within
the spring 94 may fall below the threshold dispensation
pressure. If so, the spring may compress so that the coils
are once again adjacent and the fluid is no longer dis-
pensed.

[0084] Inthe preferred configuration, the spring 94 and
tube 92 are in contact along the entire length of the spring,
so that the fluid weeping through the spring is forced to
flow through the holes 96 of the infusion section. Prefer-
ably, one end of the spring 94 is attached to the inside
walls of the tube 92, permitting the other end of the spring
to be displaced as the spring stretches. The spring can
be glued to the tube 92 with, forexample, aU.V. adhesive,
potting material, or other bonding materials. Alternative-
ly, an end of the spring can be soldered onto the inner
walls of the tube 92. The tube 92 can be fonned from any
suitable material. The inside walls of the tube 92 are pref-
erably smooth so that the spring can more freely stretch
and compress.

[0085] Fig. 12 illustrates a catheter 100 according to
another embodiment of the present invention. The cath-
eter 100 comprises a distally closed tube 102 having a
plurality of exit holes 104 in side walls of the tube 102.
The portion of the tube 102 having exit holes 104 defines
an infusion section of the catheter 100. The exit holes
104 are sized to have a combined area of opening that
is smallerthan the area of any other flow-restricting cross-
section or orifice of the catheter. Thus, the exit holes 104
are the flow-restrictor of the catheter 100. In use, the
catheter advantageously dispenses fluid through sub-
stantially all of the exit holes 104. A fluid introduced into
a proximal end of the tube 102 flows through the tube
until it reaches the closed distal end thereof. At this point,
the fluid builds within the infusion portion of the catheter.
The fluid is substantially prevented from flowing through
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the holes 104, due to their small size. Eventually, the
infusion portion of the catheter becomes filled with fluid.
As fluid is continually introduced into the proximal end of
the tube 102, the fluid pressure begins to build. At some
point the pressure becomes sufficiently high to force the
fluid through the exit holes 104. Moreover, the fluid flows
through substantially all of the exit holes 104.

[0086] Inthis preferred configuration, the exitholes 104
are all equal in size so that the fluid is dispensed at a
substantially equal rate through substantially all of the
holes. The holes 104 are preferably laser drilled to
achieve a very small hole diameter. A preferred diameter
of the exit holes 104 is about 0.0002 inches, or about 5
microns. Numerous exit holes 104 may be provided with-
in the tube 102. The holes are advantageously provided
throughout the circumference of the infusion portion of
the catheter 100, to more uniformly deliver the fluid
throughout an anatomical region. A preferred axial spac-
ing between adjacent holes 104 is within the range of
about 0.125 to 0.25 inches, and more preferably about
3/16 inch. The catheter 100 can be used for high or low
flow rate fluid delivery. The tube 102 can be formed from
any of a variety of materials known to those skilled in the
art and discussed previously.

[0087] Fig. 13 illustrates a catheter 200 according to
another embodiment of the present invention. Catheter
200 includes a distally closed tube 202 having a plurality
of exit holes 204 therein along an infusion section of the
catheter, as in the above-described embodiments. The
holes 204 are desirably provided throughout the circum-
ference of the tube 202. Enclosed within the tube 202 is
an elongated member 206 formed of a porous material.
Preferably, the member 206 is generally cylindrical in
shape, and solid. Preferably, the member 206 is posi-
tioned within the tube 204 so that an annular space 208
is formed between the outer surface of the member 206
and the inner surface of the tube 202. Preferably, the
member 206 extends from the distal end 210 of the tube
202 rearwardly to a point proximal of the infusion section
of the catheter. Alternatively, the member 206 may ex-
tend along only a portion of the infusion section. The
member 206 is preferably generally concentric with the
tube 202, but non-concentric designs will achieve the ad-
vantages of the invention. Preferably, the member 206
is manufactured of a flexible material to assist with the
placement of the catheter 200 in the body of a patient.
[0088] Inoperation, fluid medication flowing in the tube
202 saturates the porous member 206 and flows into the
annular region 208. Once the member 206 is saturated,
the fluid in the member 206 flows into the region 208 and
out of the catheter 200 through the exit holes 204. Ad-
vantageously, since the fluid pressure is uniform through-
out the annular region 208, the fluid flows substantially
uniformly through all of the holes 204. There are several
advantages of the annular region 208. One advantage
is that it tends to optimize the uniformity of flow through
the exit holes 204. Also, the member 206 may be formed
from a porous material that tends to expand when satu-
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rated with liquid. If so, the member 206 preferably ex-
pands into the annular region 208 without pressing
against the tube 202. This limits the possibility of high
pressure regions at the interior surface of the tube 202,
which could cause uneven exit flow of the medication
within the wound site. Alternatively, the member 206 may
expand and come into contact with the tube 202, and still
accomplish the goals of the present invention.

[0089] The member 206 is formed of a porous material
having an average pore size preferably within the range
of .1- 50 microns, and more preferably about 0.45 mi-
crons. The radial width W of the annular region 208 is
preferably within the range of 0 to about 0.005 microns,
and more preferably about 0.003 microns. The member
206 can be formed of any of a variety of materials, giving
due consideration to the goals of porosity, flexibility,
strength, and durability. A preferred material is Mentek.
[0090] The member206 canbe secured within the tube
202 by the use of an adhesive. In one embodiment, as
shown in Fig. 13, the adhesive is applied at the distal end
of the member 206 to form a bond with the interior surface
of the distal end of the tube 202. Preferably, adhesive is
applied at or near the proximal end of the infusion section
of the catheter 200. Additionally, the adhesive can be
applied to the circumference of the member 206 at any
longitudinal position thereof, forming a ring-shaped bond
with the interior surface of the tube 202. For example, in
the embodiment of Fig. 13, a ring-shaped bond 214 is
provided just proximal of the infusion section of the cath-
eter 200. Other configurations are possible. Forexample,
Fig. 14 shows an embodiment in which the adhesive is
applied to the distal end of the member 206 to form a
bond 216, and also at generally the center of the infusion
section to form a ring-shaped bond 218. Fig. 15 shows
an embodiment in which the adhesive is applied only to
the distal end of the member 206 to form a bond 220.
Fig. 16 shows an embodiment in which the adhesive is
applied only to the center of the infusion section to form
aring-shaped bond 222. Those of ordinary skill in the art
will understand from the teachings herein that the adhe-
sive may be applied in any of a variety of configurations.
Thus, for example, adhesive at the distal end of the cath-
eter (i.e., 212, 216, and 220 in Figs. 13, 14, and 15, re-
spectively) is not required.

[0091] In a presently preferred embodiment of the in-
vention, preferably one bond is incorporated at the most
proximal hole of the catheter. The bond preferably is
formed with an adhesive as described below.

[0092] The ring-shaped bond 214 can be formed by
pouring the adhesive in liquid form through one of the
exit holes 204 when the member 206 is in the tube 202.
The adhesive, having a generally high viscosity, tends
to flow about the circumference of the member 206, rath-
er than into the body of the member. The adhesive thus
forms a ring-shaped bond with the tube 202, as will be
understood by those of skill in the art. Also, the adhesive
plugs the exit hole 204 through which it is poured. Any
of a variety of different types of adhesives will be accept-
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able, a preferred adhesive being Loctite.

[0093] As mentioned above, the member 206 is pref-
erably concentric with the tube 202. Fig. 17 shows a
cross-section of a catheter 200 in which the member 206
is concentrically enclosed within the tube 202. Alterna-
tively, the member 206 may be positioned adjacent to
the tube 202, as shown in Fig. 18. The configuration of
Fig. 18 may be easier to manufacture than that of Fig.
17, since the member 206 does not have to be centered
within the tube 202.

[0094] Those of ordinary skill in the art will understand
from the teachings herein that the member 206 can be
of any desired length and can extend along any desired
length of the infusion section of the catheter 200. For
example, the member 206 does not have to extend to
the distal end of the tube 202. Further, the proximal end
of the member 206 may be either distal or proximal to
the proximal end of the infusion section.

[0095] When any of the catheters of the above embod-
iments is used, the catheter may initially have air inside
ofthe cathetertube. For example, the catheter 200 shown
in Fig. 13 may have air inside of the porous material of
the member 206. The introduction of liquid medication
into the catheter forces the air to flow out of the exit holes.
However, this may take several hours. If the catheter is
inserted into a patient while air is inside, and liquid med-
icationisintroduced into the catheter, the patient’s wound
site may receive little or no medication until air is expelled
from the catheter tube. Thus, it is preferred to run the
liquid medication through the catheter prior to inserting
the catheter into a patient, to ensure that the air is ex-
pelled from the catheter prior to use. Further, with refer-
ence to Fig. 19, an air filter 224, as known in the art, can
be inserted into the catheter tubing proximal the infusion
section 226 of the catheter 200. The filter 224 prevents
undesirable air from entering the infusion section 226 of
the catheter 200.

[0096] Figs. 20 and 21 illustrate catheter tubes having
elongated exit holes or slots. These catheter tubes may
be used in place of the catheter tubes shown and de-
scribed above. Fig. 20 shows atube 230 having exitholes
orslots 232 that are elongated in the longitudinal direction
of the tube 230. The slots 232 are preferably provided
throughout the circumference of the tube 230, along the
infusion section of the catheter. Compared to smaller exit
holes, the elongated slots 232 tend to increase the flow-
rate of fluid exiting the catheter, by reducing the flow im-
pedance experienced by the fluid. Preferably, the slots
232 may be oriented longitudinally on the catheter body
so as not to compromise the structural integrity of the
catheter 200, as will be easily understood by those of
skill in the art.

[0097] Fig. 21 shows a tube 234 having exit holes or
slots 236 whose lengths increase along the length of the
tube in the distal direction. In the illustrated embodiment,
the slots nearer to the proximal end of the infusion section
of the tube 234 are shorter in length than the slots nearer
to the distal end of the infusion section. As in the embod-
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iment of Fig. 8, the catheter tube 234 advantageously
provides substantially uniform fluid delivery through sub-
stantially all of the exit slots 236, under relatively high
flow rate conditions. This is because the larger size of
the more distal slots compensates for theirincreased flow
resistance and pressure drop. In other words, since the
more distal slots are larger than the more proximal slots,
there is a greater flow rate through the more distal slots
than there would be if they were the same size as the
more proximal slots. Advantageously, the slots 236 are
provided in a gradually increasing length, which results
in substantially uniform fluid delivery. Further, the elon-
gated slots result in generally higher exit flowrates, as in
the embodiment of Fig. 20.

[0098] With regard to all of the above embodiments of
catheters, an independent guide wire lumen may be pro-
vided within or adjacent to the lumen(s) disclosed, as will
be understood by those skilled in the art.

[0099] The catheters of the present invention can be
used in various medical applications. With reference to
Fig. 22, in one exemplary application a catheter 20 (ref-
erence numeral 20 is used to identify the catheter, but
any of the above-described catheters can be used) is
inserted into a blood clot 240 inside of a vein or artery
242. Preferably, the infusion section of the catheter is
within the blood clot 240. Liquid medication is preferably
introduced into the proximal end of the catheter tube.
Advantageously, the medication exits the catheter 20 at
a uniform rate throughout the infusion section to dissolve
the clot 240.

[0100] As will be easily understood by those of skill in
the art, any of the catheter embodiments described here-
in may be used in a variety of applications including, but
not limited to, peripheral nerve blocks, intrathecal infu-
sions, epideral infusions, intravascular infusions, intraar-
terial infusions and intraarticular infusions, as well as in
wound site pain management. Furthermore, the dis-
closed catheters may be adapted for use as aspiration
catheters, as well.

[0101] In addition, any of the catheters disclosed here-
in may be integral with a fluid line emanating from an
infusion pump as opposed to being an independent cath-
eter designed to be connected or secured to an infusion
pump.

[0102] Figures 23-32 illustrate several preferred em-
bodiments of a catheter having features configured to
facilitate the uniform flow of a fluid exiting the catheter.
These flow control features preferably are similar to the
features described above with reference to Figures 1-21.
Furthermore, the catheters of Figures 23-32 may be con-
structed of similar materials using processes similar to
those described above, unless otherwise noted. In addi-
tion, preferably the catheters of Figures 23-32 also in-
clude anti-microbial properties to inhibit the growth of mi-
crobes on or within the catheter and, preferably, to inhibit
microbe growth in an anatomical region adjacent the
catheter. As described in greater detail below, the illus-
trated catheters may include an anti-microbial layer, anti-
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microbial materials embedded within the material from
which components of the catheters are constructed, or
acombination of anti-microbial layers and embedded an-
ti-microbial materials.

[0103] In preferred arrangements, the anti-microbial
layers or materials are configured to provide the sus-
tained release of anti-microbial agents. In one arrange-
ment, the anti-microbial layer or material comprises a
heavy metal such as gold, platinum, silver, zinc or copper,
all of which are known to possess anti-microbial proper-
ties and, more preferably, the heavy metal is in the form
of metalions. In a particularly preferred embodiment, the
anti-microbial layer or material is silver and, more pref-
erably, silver ions. However, other anti-microbial sub-
stances such as antibiotics or germicidal chemicals may
also be used or incorporated on or in the catheter.
[0104] In some arrangements, the metal ions may be
contained within a carrier material, such as a natural or
synthetic polymer, which preferably assists in the sus-
tained release of the metal ions and inhibits degradation
of the metal ions. Other suitable methods for providing
for the sustained release of the anti-microbial substances
may also be used.

[0105] As described above, in certain arrangements,
the anti-microbial material may be in the form of a layer
of material making up a portion of a component of the
catheter, such as the tubular catheter body or a flow con-
trol component, for example. To create such an anti-mi-
crobial layer, the anti-microbial material may be applied
as a coating to a component of the catheter, such as by
a deposition, dipping, spraying, coextrusion, or other
techniques or processes suitable for creating a multi-lay-
ered article.

[0106] In alternative arrangements, the anti-microbial
material may be dispersed within the base material(s)
that construct a component of the catheter, such that the
base material forms an anti-microbial layer. For example,
the anti-microbial material may be compounded or oth-
erwise embedded or dispersed within the polymer mate-
rial forming the catheter body. However, the anti-micro-
bial material may be embedded within other components
of the catheter, as described in greater detail below. The
anti-microbial material may be provided within the base
material prior to the process of manufacturing the cath-
eter component. For example, the anti-microbial material
may be provided within the polymer resin used to create
the catheter body by extrusion or other forming process-
es.

[0107] Preferably, the anti-microbial substance is both
embedded within a base material of the catheter tube or
other catheter components and forms a layer on the tube
or other component(s). In one particularly preferred ar-
rangement, the anti-microbial substance comprises sta-
bilized ionic silver nanoparticles, which preferably are
less than about 50nm in size and, more preferably, are
between about 5 to 15 nm in size, in a solution.

[0108] The catheter (or catheter component) is prefer-
ably submerged into the solution, which in one arrange-
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ment may comprise silver chloride with a reducing agent.
The catheter preferably is submerged in the solution for
a period of time sufficient to permit the silver particles to
adhere to the catheter. In one arrangement, the catheter
is submerged for about 16 hours in a solution that is above
room temperature. For example, the temperature of the
solution may be approximately 35 degrees Celsius. De-
sirably, multiple catheters are submerged in a container
of solution at the same time. Preferably, the solution
and/or catheters are agitated to assist in providing a uni-
form silver particle distribution throughout the length of
the catheters and, desirably, on both inner and outer sur-
faces of the catheters. In one preferred method, the cath-
eter body (or tubular portion of the catheter assembly) is
treated with the anti-microbial substance separate from
the flow control components, such as those described
above. If desired, the flow control components, such as
the hollow fiber member or membrane, may be treated
with the anti-microbial substance separately. The cath-
eter body and flow control component(s) may then be
assembled.

[0109] Once the catheters have been submerged in
the silver solution for a desirable period of time, the cath-
eters are removed from the solution and, preferably,
rinsed. Therinsing agentis alcohol in one preferred meth-
od of manufacture. After rinsing, the catheters are al-
lowed to dry. If desired, means may be provided to assist
the drying of the catheters. For example, the catheters
may be spun. In one arrangement, the catheters are spun
at approximately 80-100 rpm for about two minutes. After
spinning, the catheters preferably are allowed to fully dry,
preferably overnight.

[0110] The dried catheters preferably are then ex-
posed to light. Catheters which have been submerged in
silver solutions and are then exposed to light change in
color orbecome colored. For example, typical nylon cath-
eters usually are clear or opaque and become colored
after submersion in the silver particle solution. Catheters
exposed to certain silver solutions, such as those dis-
closed herein, may take on a gold or amber coloration.
The coloration of such catheters enhances the ease of
identification of treated catheters in contrast to untreated
catheters. It is believed that the silver treated catheters
described herein are the only non-clear, or colored, cath-
eters used for wound site, peripheral nerve block or epi-
dural applications and, thus, the coloration will provide
the advantage of easy identification that the catheters
possess anti-microbial properties.

[0111] During the submersion of the catheters, the na-
noparticles are able to become lodged in surface imper-
fections in the catheter tube, or other components, such
as the flow control membrane (hollow fiber), for example.
Furthermore, due to their small size and charge, the silver
nanoparticles tend to stick to the surface of the catheter
tube or other component that is being treated. Thus, in
this preferred arrangement, the anti-microbial substance
is both impregnated and coated onto the catheter. The
catheters are then dried. The silverions are then released
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over time when the catheter comes into contact with
moisture, such as when placed within a body.

[0112] The silver nanoparticles may be created by any
suitable process. In one preferred arrangement, the silver
nanoparticles are prepared by adding a reducing agent
to silver chloride. Such compositions are well-suited for
use in the commercial scale manufacture of medical de-
vices, such as the catheters disclosed herein. However,
other suitable methods of producing silver nanoparticles
may also be used. In a preferred arrangement, the cath-
eter body is constructed from a nylon material and the
anti-microbial material is applied to and/or impregnated
within the nylon.

[0113] Preferably, the anti-microbial substance is con-
figured for sustained release by the catheter. In a fluid
delivery catheter, the anti-microbial substance may be
released into the fluid, and carried by the fluid into the
anatomical region adjacent the catheter. Such an ar-
rangement advantageously inhibits microbe growth both
in the catheter and in the region adjacent the catheter,
as the anti-microbial substances are likely to travel a
greater distance within the anatomical region with the
fluid being dispensed than when only released to the tis-
sue from the catheter body itself. Accordingly, it is pre-
ferred that the catheter is configured to release anti-mi-
crobial substances into the fluid being dispensed, such
as by treating the internal (lumen-defining) surface of the
catheter or the above-described flow control compo-
nents. In the case of a wound site pain management ap-
plication, advantageously, such a catheter would not only
provide pain management substances, but would also
inhibit microbe growth, and infection, in the wound site.
[0114] Preferably, the catheteris configured to release
an anti-microbial substance at an elution rate of between
about 0.8 and 3.0 p.g/cm for at least the infusion section
of the catheter and, preferably, for at least the entire por-
tion of the catheter internal to the patient. Preferably, the
catheter is configured to maintain such an anti-microbial
release over an expected duration of use of the catheter.
In one arrangement, the catheter is configured to main-
tain a significant release of an anti-microbial substance
for a minimum of 10 days.

[0115] In addition, in some preferred arrangements,
the catheter is configured to release a greater amount of
an anti-microbial substance initially (a bolus dose) and
then maintain a lesser dose thereafter. For example, in
one preferred arrangement, the catheter releases a
greater amount of an anti-microbial substance for the first
5days after placement and then maintains a substantially
constant lower level of release for at least about 5 days
thereafter. However, in other arrangements, release of
the anti-microbial substance may be relatively constant
or may decline over time in a generally linear fashion.
For a 20 gauge catheter, preferably, about 15% of the
silver particle content is released within about 10 days.
Inother applications, however, alesser or greaterrelease
of anti-microbial substances or agents may be desired.
[0116] Preferably, the catheter is treated to contain, or
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is loaded with, a sufficient amount of the anti-microbial
substance to obtain desirable elution rates. The anti-mi-
crobial content of the catheter may be varied by altering
the time of submersion in the anti-microbial substance
solution, for example. In a 20 gauge catheter containing
silver nanoparticles, it is preferred that the catheter be
loaded to a level such that the ratio of silver particles to
the base material of the catheter (or treated catheter com-
ponent) is about 600-2000 parts per million (ppm). In one
preferred arrangement, the catheter is loaded to a level
of about 1000 ppm. Such silver nanoparticle contents
were determined to produce satisfactory elution rates
which encompassed the above-recited ranges. For ex-
ample, a catheter containing approximately 600 ppm, the
elution rate was found to average approximately 1.8
pg/cm for the first 5 days and approximately 0.8 pg/cm
for the next 5 days. A catheter containing approximately
1000 ppm provided an elution rate of about 3.0 pg/cm
for the first 5 days and about 1.4 pg/cm for the next 5
days. In addition, the silver nanoparticle contents of the
catheter may be modified to produce other desired elu-
tion rates.

[0117] Figure 23 is a cross-sectional view of an anti-
microbial catheter 250, which preferably is configured to
provide substantially uniform fluid flow over the infusion
section of the catheter 250, similar to the catheter 20
described above with respect to Figures 1-4. However,
in some arrangements, the catheter 250 (or other cath-
eters disclosed herein) may be configured as aspiration
catheters to remove fluid from a site. The catheter 250
of Figure 23 includes an internal support member 252.
The support 252 preferably includes a plurality of ribs
254 extending radially outward from an elongate base
portion 256. Preferably, the ribs 254 extend in a longitu-
dinal direction at least the entire length of the infusion
section of the catheter 250. Desirably, the support is con-
structed from a medical grade polymer, and preferably,
from a nylon material.

[0118] A porous membrane 258 is wrapped around the
support and preferably contacts the outward facing sur-
faces of the ribs 254. If desired, the membrane 258 may
be secured to the ribs 254, such as with a medical grade
adhesive, for example. Preferably, the membrane 258 is
similar to the membrane 26 of the catheter 20 and pos-
sesses properties tending to regulate a flow of fluid
through the membrane 258. Accordingly, fluid exits the
infusion section of the catheter in a substantially uniform
flow rate along the length of the infusion section.
[0119] The support 252 and the membrane 258 coop-
erate to define a plurality of lumens between adjacent
ribs 254. Fluid enters the lumens 260 and exits the cath-
eter 250 through the membrane 258, desirably at a sub-
stantially uniform rate. The provision of multiple lumens
260 enhances the membranes 258 ability to control fluid
flow from the catheter 250 by insulating the fluid within
each lumen 260 from having an effect on the fluid within
any other lumen 260.

[0120] Preferably,the support252includes anexternal
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anti-microbial layer 262. As described above, the anti-
microbial layer 262 preferably contains silver ions that
are released into fluid within the lumens 260 to inhibit
microbe growth on or within the catheter 250 and, pref-
erably, in the area surrounding the catheter 250. If de-
sired, the membrane 258 may also include an anti-mi-
crobial layer 264. Advantageously, the provision of the
anti-microbial layer 264 on the membrane 258 facilitates
the release of anti-microbial substances into the fluid de-
livered by the catheter 250. The membrane 258 regulates
the flow of the fluid from the lumens 260 and increases
the amount of time that the fluid is in contact with the anti-
microbial layer 264.

[0121] The illustrated anti-microbial layer 264 is an ex-
ternal coating on the membrane 258. However, in an al-
ternative arrangement, the anti-microbial layer 264 may
be on the inner surface of the membrane 258 in the al-
ternative or in addition to the external layer 264. Further-
more, although the illustrated catheter 250 includes an
anti-microbial layer 262 on the support 252 and anti-mi-
crobial layer 264 on the membrane 258, it is not neces-
sary that each layer 262, 264 be present. Thatis, an anti-
microbial layer may be provided on only one of the sup-
port 252 and membrane 258.

[0122] Figure 24 illustrates an alternative arrangement
of a catheter 270 including a support 272 and a mem-
brane 274 wrapped around the support 272. Preferably,
the catheter 270 is substantially similar to the catheter
20 of Figures 1 - 4 and the catheter 250 of Figure 23. In
a preferred arrangement, the membrane 274 comprises
a hollow-fiber material. The catheter 270 varies from the
previously-described catheter 20 of Figures 1-4 in that
the catheter 270 includes an anti-microbial material 276
embedded, or otherwise dispersed, within the material
from which the support 272 and the membrane 274 are
constructed.

[0123] As described above, the anti-microbial material
276 preferably comprises silver ions and may be intro-
duced within the material of the support 272 ormembrane
274 by any suitable method, such as an impregnation
process, for example. In addition, the anti-microbial ma-
terial 276 may be present within either of the support 272
ormembrane 274 without being provided within the other.
Furthermore, if desired, the support 272 and membrane
274 of the catheter 270 may include anti-microbial layers,
similar to the layers 262, 264 of the catheter 250 de-
scribed above with reference to Figure 23.

[0124] The structure of the catheter 270 is advanta-
geous in that the hollow fiber material of the membrane
274 provides a relatively large surface area, for a given
length. As the fluid passes through the empty spaces
defined by the hollow fiber membrane 274, it comes into
contact with the anti-microbial material 276 within the
membrane 274 and, preferably, anti-microbial substanc-
es are released into the fluid. Because of the large sur-
face area provided by the hollow fiber, the fluid comes
into contact with anti-microbial material 276 for a greater
amount of time before exiting the catheter 270. This ad-
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vantageous feature of the catheter 270 may apply to all
of the catheters disclosed herein thatincorporate a mem-
brane.

[0125] Figure 25 is a longitudinal cross-sectional view
of a catheter 280 having uniform fluid delivery features
similar to the catheters 50 and 70 of Figures 6 and 7,
respectively. In addition, the catheter 280 preferably in-
cludes anti-microbial properties. The catheter 280 in-
cludes a tubular catheter body 282 preferably construct-
ed from a medical grade polymer, and more preferably,
is constructed from nylon. The catheter body 282 in-
cludes a plurality of exit holes 284 which together define
an infusion section of the catheter 280. Within the cath-
eter body 282 is a hollow, tubular membrane 286. The
membrane 286 preferably extends at least the length of
the infusion section of the catheter 280. That is, prefer-
ably, the membrane 286 covers all of the exit holes 284.
Desirably, the membrane 286 also exhibits flow control
properties to control a rate at which fluid passes through
the membrane 286. Such flow control properties tend to
regulate a flow rate of fluid through the exit holes 284,
substantially as described above with reference to Fig-
ures 5 - 7. Furthermore, in the illustrated arrangement,
the membrane 286 contacts the inner surface of the cath-
eter body 282. However, in alternative arrangements, a
space or gap exists between the membrane 286 and the
catheter body 282, if desired.

[0126] Preferably, the catheter 280 includes an anti-
microbial layer 288 on an external surface of the catheter
body 282. In addition, or in the alternative, the catheter
280 may include an anti-microbial layer on the inner sur-
face of the catheter body 282 and/or on the inner or outer
surface of the membrane 286, if desired. However, pro-
viding the anti-microbial layer 288 on the exterior and/or
interior surface of the catheter body 282 is desired for its
relative ease of manufacture.

[0127] Figure 26 illustrates a catheter 290 similar to
the catheter 280 of Figure 25. The catheter 290 includes
a catheter body 292 having a plurality of exit holes 294
defining an infusion section of the catheter 290. Prefer-
ably, the catheter 290 also includes a hollow, tubular
membrane 296 within the catheter body 292. Desirably,
the membrane 296 contacts the inner surface of the cath-
eter body 292 and covers the exit holes 294.

[0128] Preferably; an anti-microbial material 298 is dis-
persed within the membrane 296 in a manner similar to
that of the catheter 270 of Figure 24. In addition, or in the
alternative, the catheter body 292 may be embedded with
an anti-microbial material, depending on the degree of
anti-microbial activity desired.

[0129] Figure 27 illustrates a catheter 300 preferably
having anti-microbial properties and uniform fluid deliv-
ery properties. Preferably, fluid flow from the catheter
300 is controlled in a manner similar to the catheters de-
scribed above with reference to Figures 13 - 18 to provide
substantially uniform fluid flow from the catheter 300. The
catheter 300 includes a tubular catheter body 302, pref-
erably constructed from a medical grade polymer and,
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more preferably, constructed from a nylon material. The
catheter body 302 includes a plurality of exit holes 304
that cooperate to define an infusion section of the cath-
eter 302. Preferably, the catheter 300 also includes a
generally cylindrical porous member 306 positioned with-
in the catheter body 302. If desired, the porous member
306 may be secured to the catheter body 302 by one or
more bonds 308, which may be constructed from a med-
ical grade adhesive or other suitable arrangement, as
described above with reference to Figures 13-18.
[0130] The catheter 300 alsoincludes an anti-microbial
layer 310 on an outer surface of the catheter body 302.
If desired, however, an anti-microbial layer may be pro-
vided on the inner surface of the catheter body 302 in
addition to, or alternative to, the external anti-microbial
layer 310. Furthermore, the porous member 306 may
include an anti-microbial layer, if desired.

[0131] Figure 28 illustrates a catheter 320 having fluid
flow control features similar to the catheter 300 of Figure
27 and the catheters of Figures 5 - 7. The catheter 320
includes a hollow catheter body 322 having a plurality of
exit holes 324, which define an infusion section of the
catheter 320. A porous member 326 is enclosed within
the catheter body 322 and may be secured to the catheter
body 322 by one or more bonds 328.

[0132] The illustrated arrangement includes an anti-
microbial material 330 dispersed within the porous mem-
ber 326. As described above, preferably the anti-micro-
bial material 330 includes a heavy metal, and more pref-
erably, comprises a material configured to release silver
ions. Although not shown, if desired, an anti-microbial
material may also be dispersed within the catheter body
322 in addition to, or alternative to, to the anti-microbial
material 330 within the porous member 326. Further-
more, some components of the catheter may be coated
with an anti-microbial substance and other components
of the catheter may have the same or a difference anti-
microbial substance embedded within the component.
[0133] Figure 29is alongitudinal, cross-sectional view
of a catheter 340 including anti-microbial properties and,
preferably, fluid flow control properties similar to the cath-
eter 90 described above with reference to Figure 11. The
catheter 340 includes a hollow catheter body 342, which
preferably defines a plurality of exit holes 344. The exit
holes 344 in combination define an infusion section of
the catheter 340. Within the lumen 346 of the catheter
body 342 is a coiled member 348 that preferably extends
at least the length of the infusion section of the catheter
340. The coiled member 348 may be a coil spring or may
be constructed of individual coil members connected to-
gether. Fluid within the lumen 346 flows between the coils
of the coiled member 348 before passing through the exit
holes 344.

[0134] Desirably, the coiled member 348 influences a
rate of fluid flow from the lumen 346 and through the exit
holes 344. In one arrangement, the coiled member 348
is a coil spring constructed of an elongate material formed
into a helical shape. Desirably, the individual coils of the
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coil spring contact one another when the fluid within the
lumen 346 is below a threshold pressure and expand
once the fluid reaches a threshold pressure to permit fluid
flow between the coils. However, in other arrangements,
the coiled member 348 does not necessarily stretch dur-
ing fluid delivery, but the fluid flow rate may instead in-
fluenced by a gap between the individual coils of the
coiled member 348.

[0135] If desired, the coiled member 348 may be se-
cured to the catheter body 342 at one or more locations.
For example, the coiled member 348 may be secured to
the catheter body 342 at a proximal end, a distal end, or
at both the proximal and distal ends. Furthermore, the
coiled member 348 may in addition, or instead, be se-
cured at locations intermediate the proximal and distal
ends. The coiled member 348 may be secured to the
catheter body 342 with a medical grade adhesive, or by
any other suitable method.

[0136] Theillustrated catheter 340 alsoincludes anan-
ti-microbial layer 350 on an external surface of the cath-
eter body 342. In other arrangements, the internal sur-
face of the catheter body 342 may include an anti-micro-
bial layer in addition to, or alternative to, the anti-microbial
layer 350. Furthermore, if desired, the coiled member
348 may include an anti-microbial layer or an anti-micro-
bial substance embedded within the material of the coiled
member 348.

[0137] Figure 30 illustrates a catheter 360 having anti-
microbial properties and, preferably, fluid flow control
properties similar to the catheter 340 of Figure 29 and
the catheter 90 of Figure 11. The catheter 360 includes
a hollow catheter body 362 defining a plurality of exit
holes 364. Collectively, the exit holes,364 define an in-
fusion section of the catheter 360. Within a lumen 364 of
the catheter body 362, is a coiled member 368. Prefer-
ably, the coiled member 368 is substantially similar to
the coiled member 348 described above with reference
to Figure 29 or the coiled member 94 described with ref-
erence to Figure 11.

[0138] The catheter body 362 of the catheter 360 pref-
erably includes an anti-microbial material 370 dispersed
within the material from which the catheter body 362 is
constructed. As described above, preferably, the anti-
microbial material 370 comprises a heavy metal and,
more preferably, a material containing silver ions. The
silver ions preferably are configured to be released from
the catheter body 362 for a sustained period into the fluid
within the lumen 364 of the catheter 360 to provide the
catheter 360 with anti-microbial properties.

[0139] Figure 31 is a longitudinal, cross-sectional view
of a catheter 380 having anti-microbial properties and,
preferably, fluid flow control properties similar to the cath-
eter 100 of Figure 12. The catheter 380 includes a tubular
catheter body 382 defining a plurality of exit holes 384.
Collectively, the exit holes 384 define an infusion section
of the catheter 380. Furthermore, the exit holes 384 to-
gether define a collective exit flow area of the catheter
380. The catheter body 382 also defines a generally cy-
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lindrical lumen 386 having a diameter D. Preferably, the
exit holes 384 and diameter D are configured such that
a collective exit flow area defined by the exit holes 384
is less than a cross-sectional flow area defined by the
lumen 386. Accordingly, the collection of exit holes 384
define a flow restricting orifice that controls a flow rate of
fluid from the lumen 386 and, desirably, results in a sub-
stantially equal flow rate through each of the exit holes
384 despite the relative longitudinal position of the par-
ticular exit hole 384 along the catheter 380. Other ar-
rangements of the exit holes 384 may also be utilized to
provide desirable flow control features in addition to, or
alternative to, the exit holes 384 forming a flow restricting
orifice. For example, the flow area of the exit holes 384
may be configured to increase along the length of the
catheter 380, similar to the catheter of Figure 21.
[0140] The catheter 380 of Figure 31 preferably also
includes an anti-microbial layer 388 provided on an ex-
ternal surface of the catheter body 382. If desired, an
anti-microbial layer may also be present on an inner sur-
face of the catheter body 382 in addition to, or alternative
to, the external anti-microbial layer 388.

[0141] Figure 32 illustrates a catheter 390 having anti-
microbial properties and, preferably, fluid flow control
properties similar to the catheter 380 of Figure 31. The
catheter 390 includes a catheter body 392 having a plu-
rality of exit holes 394 preferably cooperating to define
an infusion section of the catheter 390. In the illustrated
arrangement, the total flow area defined by the exit holes
394 is less than a minimum cross-sectional flow area
defined by the lumen 396 of the catheter 390 such that
the exit holes 394 cooperate to define a flow restricting
orifice.

[0142] Preferably, an anti-microbial material 398 is dis-
persed within the catheter body 392 such that the cath-
eter body 392 forms an anti-microbial layer. As described
above, the anti-microbial material 398 may be dispersed
within the catheter body 392 by any suitable method,
before or after the formation of the catheter body 392.
For example, the anti-microbial material 398 may be
compounded within the raw material of the catheter body
392 or the formed catheter body 392 may be impregnated
with the anti-microbial material 398.

[0143] In addition to the catheters disclosed herein, it
is also contemplated that other medical devices, and es-
pecially implantable medical devices, may incorporate
the anti-microbial features described above, For exam-
ple, it is contemplated that a catheter introducer needle
may be treated with the above-described anti-microbial
processes. As another example, a drain tube collar may
be treated so as to possess anti-microbial properties.
One exemplary embodiment of a drain tube collar is dis-
closedin U.S. Patent No. 6,402,735, the entirety of which
is incorporated by reference herein. One of skill in the art
will be able to adapt the teachings herein to apply to other
medical devices, such as the drain tube collar of the '735
patent, without undue experimentation.

[0144] Figures 33 and 34 illustrate another preferred
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embodiment of a catheter 450. As shown in Figure 33,
preferably, the catheter 450 is comprised of an elongated
catheter body, or tube 454, and an outer elongated tu-
bular porous membrane, or tubular sheath 452. The elon-
gated tube 454 has a central lumen 468, which is in fluid
communication with a fluid supply, preferably similar to
the fluid supply 34 of Figure 1.

[0145] Preferably, the tubular membrane 452 covers
a length 455 of the elongated tube 454 and is positioned
a distance 453 proximal of a distal end 462 of the elon-
gated tube 454. In one embodiment, the length 455 is
about 2.40 inches and the distance 453 is about 0.10
inches. In another embodiment, the length 455 is about
2.50 inches. In still another embodiment, the length 455
is about 5.00 inches. In other embodiments, the length
455 and the distance 453 may be varied so that the cath-
eter 450 generally conforms to the particular anatomy
contemplated.

[0146] As shown in Figure 33A, desirably the tubular
membrane 452 encloses a portion of the elongated tube
454 such that an annular, interstitial space 470 is created
between an exterior surface of the tube 454 and an inte-
rior surface of the tubular membrane 452. In a preferred
embodiment, the tube 454 is substantially concentric with
the tubular membrane 452. In a preferred arrangement,
the space 470 has a radial dimension of less than about
0.007 inches. In another arrangement, the space 470
may have aradial dimension of between about 0.002 and
0.007 inches. However, in some arrangements, the
space 470 may be minimal, or the inner surface of tubular
membrane 452 may even be in contact with a portion or
all of the outer surface of the tube 454.

[0147] A plurality of fluid exit holes 466 are provided
within the portion of the tube 454 enclosed within the
tubular membrane 452. Preferably, the exitholes 466 are
positioned throughout the entire circumference of the en-
closed portion of the tube 454. The portion of tube 454
that includes the exit holes 466 defines an infusion sec-
tion of catheter 450. Desirably the tubular membrane 452
is only provided along the length 455 of the infusion sec-
tion. However, in an alternative arrangement, the tubular
membrane could be longer than the infusion section. Al-
so, in other embodiments, a guide wire and/or guide wire
lumen may be provided to aid in the insertion of the cath-
eter 450 into the anatomy, as will be understood by those
skilled in the art.

[0148] The tube 454 may be formed from any of a va-
riety of suitable materials, such as nylon, polyether block
polyamide, PTFE, polyimide, and other materials known
to those skilled in the art, giving due consideration to the
goals of non-reactivity to anatomical systems, flexibility,
light-weight, strength, smoothness, and safety. In a pre-
ferred configuration, the tube 454 is preferably a 19 to
20 gauge catheter tube, having inside and outside diam-
eters of about 0.038 inches and about 0.042 to 0.045
inches, respectively.

[0149] The exit holes 466 of tube 454 are preferably
about 0.015 inches in diameter and provided at equally
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spaced axial positions along the infusion section of the
tube 454. The holes 466 preferably are arranged so that
every hole is angularly displaced about 120 degrees rel-
ative to the longitudinal axis of the tube 454, from the
angular location of the previous hole. The axial separa-
tion between adjacent exit holes 466 is preferably within
the range of about 0.125 to 0.25 inches, and more pref-
erably about 3/16 inch. Of course, the exit holes 466 may
be provided in any of a variety of alternative arrange-
ments. Furthermore, the infusion section of the tube 454
may have any desirable length. However, preferably the
infusion section remains enclosed within the tubular
membrane 452 as discussed above. The embodiment
illustrated in Figures 33 and 34 provides a thorough, uni-
form delivery of fluid throughout a generally linear seg-
ment of the wound area.

[0150] The tubular membrane 452 preferably is com-
prised of a highly porous material. In another embodi-
ment, the tubular membrane 452 may be made of a
sponge-like or foam-like material, or a hollow fiber. The
tubular membrane 452 may have an average pore size,
or pore diameter, of less than about 0.23 microns so as
to filter bacteria. In other arrangements, however, the
pore diameter preferably is within the range of about 0.1
microns to about 0.5 microns, and more preferably within
the range of about 0.2 to 0.45 microns. The tubular mem-
brane 452 may be formed from any of a variety of suitable
materials, giving due consideration to the goals of non-
reactivity to anatomical systems, maintaining flexibility,
fitting within the size constraints of the tubular membrane
452, and having a porosity resulting in the substantially
uniform dispensation of fluid through all of the pores in
the tubular membrane 452. Some suitable materials for
the membrane 452 are polyethylene, polysulfone, poly-
ethersulfone, polypropylene, polyvinylidene difluoride,
polycarbonate, nylon, high density polyethylene or poly-
tetraflouroethylene. Preferably, the tubular membrane
452 is a 19 gauge tube, having inside and outside diam-
eters of about 0.038 inches and about 0.042 inches to
0.045 inches, respectively.

[0151] As shown in Figure 34, preferably, the tubular
membrane 452 is secured to the tube 454 by distal and
proximal tubular segments, or collars 464, 465. Prefera-
bly, the tubular segments 464, 465 comprise shrink tubes
that are affixed to the tube 454 and the ends of the tubular
membrane 452. The tubes 464, 465 may also utilize an
adhesive, such as an adhesive sold under the brand
name LOCTITE, or other means known to those skilled
in the art to assist in securing the tubular membrane 452
tothe tube 454. Alternatively, other suitable methods may
be used to secure the membrane 452 to the tube 454.
For example, the membrane 452 may be secured to the
tube 454 by thermal or chemical bonding, with or without
the use of the tubular segments 464, 465.

[0152] In operation, the catheter 450 delivers fluid to
the region of an anatomical system generally adjacent
the tubular membrane 452 of the catheter 450. As the
fluid flows though the central lumen 468 into the infusion
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section, it initially flows through the exit holes 466 and
into the space 470. Fluid in the space 470 then soaks
into the tubular porous membrane 452. Once the walls
of the tubular membrane 452 are saturated, the fluid
passes through the tubular membrane 452 and exits the
catheter 450. Moreover, the fluid advantageously passes
through the membrane substantially uniformly through-
out the surface area of the tubular membrane 452, re-
sulting in a substantially uniform fluid output along the
length 455 of the tubular membrane 452. Thus, the fluid
is delivered at a substantially equal rate throughout the
wound area of the anatomy. Furthermore, this advantage
is obtained for both low and high pressure fluid delivery.
[0153] In certain preferred arrangements, one or more
components of the catheter 450 may employ an anti-
microbial substance as described in relation to the cath-
eters of Figures 23-32. For example, the inside and/or
outside of the catheter tube 454 and/or tubular mem-
brane 452 may be coated with an anti-microbial sub-
stance, or may include an anti-microbial substance em-
bedded within the material of the particular component.
Desirably, in such an arrangement, the tube 454 and/or
membrane 452 are configured to release an anti-micro-
bial agent into the fluid that may be delivered by the cath-
eter 450, as described in detail above.

[0154] Figures 35-37 illustrate another embodiment of
an infusion catheter, referred to generally by the refer-
ence numeral 472. Preferably, the catheter 472 compris-
es a non-porous tubular section, or tube 482, which is
connected to a distal bio-absorbable, porous tubular sec-
tion 480. The porous tubular section 480 has an interior
lumen 481 and the non-porous tube 482 has an interior
lumen 483. The non-porous tube 482 defines a non-in-
fusing section 474 of the catheter 472, and preferably
extends from a fluid supply 483 to a junction, or joint 478,
as shown in Figure 35. Similarly, the porous tubular sec-
tion 480 defines an infusion section 476 of the catheter
472, and preferably extends from the junction 478 to a
distal end 484 of the catheter. Preferably, the distal end
484 is defined by a tip 484a, which defines a distal end
of the lumen 481 within the porous tubular section 480.
[0155] As shown in Figures 36-36A, preferably the
junction 478 is comprised of a distal end 485 of the tube
482 being inserted into a proximal end 487 of the lumen
481 within the tubular section 480. Preferably, a suitable
type of medical adhesive is applied between the over-
lapping surfaces of the tube 482 and the tubular section
480, to hold the tubes 480, 482 together. It is contem-
plated that the adhesive is of the biocompatible variety,
such as medical "glue" that is used for closing wounds.
[0156] As shown in Figure 36A, the proximal end 487
of the tubular section 480 overlaps the distal end 485 by
a distance 486. The distance 486 preferably is at least
about 0.02 inches. More preferably, the distance 486 is
at least about 0.03 inches, though in other embodiments
the distance 486 may be varied to achieve a desirable
level of joint strength. The above-described overlap dis-
tances are preferred because they are capable of pro-
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viding a secure joint between the tube 482 and the tubular
section 480. Preferably, however, the overlap distance
does not exceed about 0.25 inches so that the overlap
section does not inhibit the overall flexibility of the cath-
eter 472.

[0157] The tube 482 may be formed from any of a va-
riety of suitable biocompatible materials, such as nylon,
polyether block polyamide, PTFE, polyimide, ptfe and
other materials known to those skilled in the art, giving
due consideration to the goals of non-reactivity to ana-
tomical systems, flexibility, light-weight, strength,
smoothness, and safety. In one preferred embodiment,
the tube 482 is comprised of a 19 gauge catheter tube,
preferably having an outside diameter of no more than
about 0.037 inches.

[0158] Preferably, the tubular section 480 has an outer
diameter ofabout0.042 inches and has an inner diameter
sized so that the distal end 485 of the tube 482 fits snugly
within the proximal end 487 of the lumen 481, as shown
in Figure 36A. In one preferred embodiment, the tubular
section 480 is comprised of a highly porous material hav-
ing an average pore size, or pore diameter, less than
about 0.23 microns to filter bacteria. In other arrange-
ments, however, the pore diameter is greater to increase
the flow rate at a given fluid pressure. In such preferred
embodiments, the pore diameter is within the range of
about 0.1 microns to about 0.5 microns, and still more
preferably the pore diameter is within the range of about
0.2 to 0.45 microns.

[0159] As used herein, a porous material, or porous
membrane, desirably refers to a material or member that
is configured to permit a substance to pass therethrough
with at least a small amount of resistance in the area
through which the substance passes. A porous material
or membrane, preferably, is comprised of a material
which has aninherent property, oris manipulated to attain
or enhance a property, that permits a liquid to pass there-
through preferably to slow the rate of passing of the sub-
stance through the material. Alternatively, the porous ma-
terial or member may slow the diffusion rate of a sub-
stance by having a pore diameter sufficiently close in size
to a size of a single molecule of the substance, or a unitary
grouping of molecules, to inhibit the passing of a large
number of molecules, or groups of molecules, through
any one pore at one time. Typically, a porous material or
membrane will achieve its desired regulation of the flow
of a substance as a result of micro passages through the
material itself, and not as a result of distinct passages
created through the material or membrane by manipula-
tive processes such as laser drilling, for example. The
distinction between a porous material or membrane and
amember having a plurality of distinct holes therethrough
will be readily appreciated by one of skill in the art.
[0160] Inanother embodiment, the tubular section 480
may be comprised of anon-porous material provided with
a plurality of exit holes, as discussed herein. It is to be
noted that these exit holes may be employed in the tu-
bular section 480 in accordance with any of the embod-
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iments discussed above. Moreover, the tubular section
480 can have any desirable length. In one embodiment,
the tubular section 480 has a length of about 5 inches,
and the tubular section 480 and the non-porous tube 482
have a combined length of about 20 inches. It will be
appreciated that this configuration of the tubular section
480 provides uniform delivery of fluid along the length of
the tubular section 480, and thus is particularly useful for
delivering fluids, such as medications to a length of
wound areas, such asincisions and the like. Alternatively,
the catheter 472 may be configured as an aspiration cath-
eter to remove fluids from a wound site, or other anatomic
region.

[0161] The material comprising the tubular section
480, in addition to being porous, desirably is bio-absorb-
able, as mentioned briefly above. In one embodiment,
the material comprising the tubular section 480 is dis-
solvable within the patient’s body during a time period
preferably ranging between about 5 days to about 7 days
from insertion. During this period of time, the patient’s
body processes the bio-absorbable material such that
the strength of the junction 478 is reduced. This weak-
ening of the junction 478 facilitates detachment of the
non-porous tube 482 from the tubular section 480 and
subsequent removal of the tube 482 from the wound site
without disturbing the placement of the remaining portion
(non-absorbed portion) of the porous tubular section 480
within the wound.

[0162] The catheter 472 is particularly suitable for use
in conjunction with a pain management or intravenous
system (i.e., an infusion pump). In operation, a physician
or other practitioner positions the catheter 472 within a
wound site on a patient’s body. The tubular section 480
is inserted into the wound site to such an extent that,
preferably, the entirety of the tubular section 480 and a
portion of the distal end 485 of the tube 482 are enclosed
within the patient’s body. Preferably, between about 0.1
and 0.5 inches of the distal end of the non-bioabsorbable
tube 482 is enclosed within the patient. More preferably,
between about 0.1 and 0.4 inches of the distal end of the
non-bioabsorbable tube 482 is enclosed within the pa-
tient. The tubular section 480 may be sutured to the sur-
rounding tissue within the wound to "tack" the catheter
472 in position. This facilitates positioning the catheter
472 precisely within the wound site. Preferably, any su-
tures used to tack the catheter 472 into position are also
constructed from a bio-absorbable material. As a result,
both the tubular section 480 and the sutures will be ab-
sorbed by the body.

[0163] Once the catheter 472 is suitably attached to
the patient, a proximal end of the tube 482 may be con-
nected to an intravenous system or other fluid supply
arrangement. The catheter 472 advantageously delivers
fluid or other medication to the patient over the course
of 5-7 days, or longer, depending on the nature of the
particular wound site in question. During this time, the
tubular section 480 is absorbed by the patient’s body.
Oncethetubular section 480 is sufficiently absorbed, and
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the junction 478 is weakened, the non-porous tube 482
is pulled from the wound site. Because the junction 478
is weakened, pulling on the tube 482 detaches the distal
end 485 of the tube 482 from the proximal end 487 of the
tubular section 480. Thus, when the tube 482 is removed,
the tubular section 480 remains within the wound site
and is absorbed by the patient’s body.

[0164] It will be appreciated that leaving the tubular
section 480 within the wound site advantageously reduc-
es the amount of trauma imparted to the surrounding
tissue that would otherwise be caused by the use and
removal of a conventional catheter or pain management
system. Furthermore, such an arrangement is advanta-
geous because a small, though significant, percentage
of pain management catheters break off within the pa-
tient. For example, it has been determined that approx-
imately 0.15 percent of epidural catheters shear off, leav-
ing a portion of the oatheter within the patient. This
equates to approximately 3-5 catheters per month. The
implanted portion of the catheter must then be removed,
resulting in undesirable trauma to the patient. With the
catheter 472 as described with reference to Figures
35-37, the implanted portion 480 of the catheter 472 will
be absorbed by the body in the event that the joint 478
separates prematurely.

[0165] In certain preferred arrangements, one or more
components of the catheter 472 may employ anti-micro-
bial substances, as described above in relation to Figures
23-32. For example, one or both of the tubes 480 and
482 may be coated, or embedded, with an anti-microbial
substance, preferably as described above. Desirably, in
such an arrangement, the tube 480 and/or 482 are con-
figured to release an anti-microbial agent into the fluid
that may be delivered by the catheter 472 or directly to
the surrounding tissue, as described in detail above.
[0166] Although this invention has been disclosed in
the context of certain preferred embodiments and exam-
ples, it will be understood by those skilled in the art that
the presentinvention extends beyond the specifically dis-
closed embodiments to other alternative embodiments
and/or uses of the invention and obvious modifications
and equivalents thereof. In particular, while the present
anti-microbial catheter has been described in the context
of particularly preferred embodiments, the skilled artisan
will appreciate, in view of the present disclosure, that
certain advantages, features and aspects of the catheter
may be realized in a variety of other applications, many
of which have been noted above. Additionally, it is con-
templated that various aspects and features of the inven-
tion described can be practiced separately, combined
together, or substituted for one another, and that a variety
of combination and subcombinations of the features and
aspects can be made and still fall within the scope of the
invention. Thus, it is intended that the scope of the
present invention herein disclosed should not be limited
by the particular disclosed embodiments described
above, but should be determined only by a fair reading
of the claims.
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Claims

1.

A catheter for delivery of fluid, comprising:

an elongated tube having a plurality of exit holes
provided along a length of said tube to define an
infusion section of said catheter, said tube being
sized to be inserted into an anatomical region;
and

an elongated member positioned within said
tube and being formed of a porous material con-
figured to control a rate of fluid flow through said
member, said catheter configured such that a
fluid introduced into a proximal end of said tube
will flow through said exit holes;

wherein at least one of said tube and said elon-
gated member incorporates an anti -microbial
substance and is configured for the sustained
release of said anti-microbial substance into
said fluid.

The catheter of Claim 1, wherein said at least one
of said tube and said elongated member comprises
an anti-microbial substance embedded within a pol-
ymer material, wherein, optionally, said polymer ma-
terial comprises polyamide.

The catheter of Claim 2, wherein said anti-microbial
substance comprises silver ions.

The catheter of Claim 1, wherein said at least one
of said tube and said elongated member comprises
a base layer and said anti-microbial substance is de-
posited as a distinct anti-microbial layer on said base
layer.

The catheter of Claim 4, wherein said anti-microbial
layer is deposited on an inner surface of said tube,
wherein, optionally, said anti-microbial layer is de-
posited on an outer surface of said tube.

The catheter of Claim 4, wherein said base layer
comprises a polyamide material.

The catheter of Claim 1, wherein said member is
concentric with said tube, or wherein said member
is not concentric with said tube.

The catheter of Claim 1, wherein said member is
secured to said tube by a ring-shaped bond.

The catheter of Claim 1, wherein said porous mem-
ber is generally cylindrical in shape, wherein, option-
ally, said tube tightly surrounds said porous member.

10. A catheter for delivering a fluid, comprising:

an elongated tube having a closed distal end, at
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1.

12.

13.

14.

15.

least a distal section of said tube being con-
structed from a bio-absorbable material;
wherein at least a portion of said distal section
defines a porous side wall permitting fluid within
said lumen to pass through said portion of said
distal section;

wherein at least a portion of said distal section
incorporates an anti-microbial substance and is
configured for the sustained release of said anti-
microbial substance into said fluid.

The catheter of Claim 10, wherein an entirety of said
distal tube defines a porous side wall.

The catheter of Claim 10, wherein said anti-microbial
substance is embedded within a material defining
said distal section.

The catheter of Claim 10, wherein said distal section
of said tube comprises a base layer and said anti-
microbial substance is deposited on said base layer
as a distinct anti-microbial layer.

The catheter of Claim 10, wherein said porous side
wall has a pore diameter of between about 0.1 mi-
crons and 0.5 microns.

The catheter of Claim 10, additionally comprising a
support within said distal tube, said support being
constructed from a bio-absorbable material and be-
ing configured to divide said lumen of said distal tube
into a plurality of lumens, wherein, optionally, said
support extends generally an entire length of said
distal tube.
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